Purpose. Enzootic bovine leucosis (EBL) is a silent disease caused by a retrovirus [bovine leukaemia virus (BLV)]. BLV is classified into almost 10 genotypes that are distributed in several countries. The present research aimed to describe two BLV gp51 env sequences of strains detected in the state of São Paulo, Brazil and perform a phylogenetic analysis to compare them to other BLV gp51 env sequences of strains around the world.
INTRODUCTION
Enzootic bovine leucosis (EBL) is a silent disease caused by a retrovirus, bovine leukaemia virus (BLV), which belongs to the genus Deltaretrovirus according to the International Committee on Taxonomy of Viruses (ICTV) [1] . Approximately one third of infected animals present with persistent lymphocytosis, in which cells do not seem to be neoplasic. Less than 5 % of infected animals develop lymphosarcoma, with accumulation of transformed and infected B-cell infiltrates in eyes, uterus, kidneys, liver and heart [2] . Lymphosarcoma is rarely observed in calves that are less than 2 years old, while it is usually observed in 4-8-year-old animals. BLV infection has been associated with substantial economic losses due to reduced milk production, premature culling and trade restriction [3] . In 1997, BLV cost more than $16 million per year in US dairy herds [4] , and in 2003 the mean cost of subclinical infection in American dairy cows was $6406 for a 50 % prevalence herd [3] .
Many studies have described the complete BLV genome in several countries [5] [6] [7] . The gene env encodes gpr72, a precursor of two glycoproteins that comprise the BLV envelope (gp30, a transmembrane protein, and gp51, an associated surface molecule). Both glycoproteins are a target for neutralizing antibodies due to their localization at the virion surface [8] . Several studies have demonstrated the distribution of BLV in Brazil [9, 10] .
BLV is classified into almost 10 genotypes that are distributed in several countries [11, 12] . In Brazil, there is a lack of information about the genotypes. Only few sequences have been described and genotypes 1, 2, 5 and 6 have been reported in Brazilian cattle [13] .
The epidemiology of BLV is important, and the present research aimed to describe two partial BLV gp51 env sequences of strains detected in the State of São Paulo, Brazil and perform a phylogenetic analysis to compare them to other BLV gp51 env sequences from strains around the world.
METHODS
Two bovines from different herds were admitted to the Bovine and Small Ruminant Hospital, School of Veterinary Medicine and Animal Science, University of São Paulo, Brazil. One of the patients showed digestive disorders and severe abdominal pain, and died in a few days. At necropsy, pleuropneumonia and diffuse tumours were observed in the kidneys and uterus. The other patient showed paresis of the posterior limb for 15 days. After rectal palpation, a tumour in the pelvic cavity was detected and the patient was euthanized. Fragments of tumours were collected from both patients for anatomopathological examination (added in 10 % formalin) and for other laboratory tests (frozen fragments). Lymphosarcoma was detected on anatomopathological examination and then the presence of BLV was confirmed by nested PCR.
Two grammes of kidney and lymph nodes were weighed, macerated separately and suspended in 8 ml of PBS 1X. The suspensions were kept at À70 C until DNA extraction. Proviral DNA extraction was performed using the QIAamp DNA mini kit (Qiagen, Hilden, Germany) according to the manufacturer's protocol. Foetal lamb kidney cells (FLKs) chronically infected with BLV were used as a positive control. Madin-Darby bovine kidney (MDBK) cells and porcine kidney (PK-15) cells were used as a negative control. The extracted DNA was kept at À70 C until further analysis.
DNA amplification was performed by PCR and nested PCR according to the method employed by Ballagi-Pord any et al. [14] , using the oligonucleotides env5035 (GTGCCAAGTC TCCCAGATACA)/env5443 (TATAGCACAGTCTGGGAA GGC) (PCR primers) and env5065 (CTGTAAATGGCTA TCCTAAGATCTACTGGC)/env5377 (GACAGAGGGAA CCCAGTCACTGTTCAACTG) (nested PCR), designed from the env gene (responsible for encoding glycoprotein gp51). The amplification cycle was performed in a GeneAmp PCR system 2400 thermal cycler (Perkin-Elmer, Norwalk, CT, USA). The final 432 bp product was visualized on a 1.5 % agarose gel in the presence of ethidium bromide.
The phylogenetic analysis was performed using two partial BLV env sequences from clinical samples. PCR products were purified using the QIAquick PCR purification kit (Qiagen). The env gene [14] was sequenced by applying the Sanger sequencing method using the BigDye Terminator v3.0 cycle sequencing ABI PRISM 377 genetic analyzer kit (Applied Biosystems, Carlsbad, CA, USA). Samples were then placed in the ABI PRISM 377 sequencer (Applied Biosystems) following the manufacturer's instructions.
Sequences were edited and aligned using BioEdit 7 sequence alignment editor software. Nucleotide sequences were analysed using MEGA 6.06. The maximum likelihood method (MLM) was used for the phylogenetic reconstruction of the BLV sequences with the Tamura-Nei model as the substitution model. The phylogeny estimates were calculated by performing 1000 bootstrap replicates. For final visualization and editing, the program FIGTREE v1.2.1 was used. The GenBank accession numbers of the 102 sequences used are described in Table 1 . Genetic distance analysis, percentage of similarity analysis and prediction of amino acids were performed using sequences detected in this study and sequences belonging to genotypes 1 to 10.
RESULTS
Uterus, kidney and the tumour from pelvic cavity samples were tested by nested PCR, sequenced and submitted to phylogenetic analysis. The analysis revealed two different sequences related to the envelope glycoprotein (env) gene of bovine leukaemia virus isolates 25 and 31, partial CDS, submitted to GenBank as DQ059415 and DQ059416, respectively.
The phylogenetic analysis was performed with 100 env partial sequences found in bovines from different countries in addition to the isolates from this study, with a total of 102 sequences. Using the MLM with gamma distribution, the phylogeny estimates were calculated by performing 1000 bootstrap replicates and the analysis revealed 13 isolates in genotype 1, 3 isolates in genotype 2, 3 isolates in genotype 3, 46 sequences clustering in genotype 4, 3 isolates in genotype 5, 18 isolates in genotype 6, 1 isolate in genotype 07, 7 isolates in genotype 8, 13 isolates in genotype 9 and 08 isolates in genotype 10 ( Fig. 1) .
For the two sequences detected in this study, isolate 31 clustered with two genotype 5 isolates (one was also from São Paulo and one was from Costa Rica), and the sequence alignment of the nucleotide partial sequences of the env gene (gp51) of BLV genotype 5 revealed identical sequences (Fig. 2) . The genetic distance and the percentage of similarity indicate higher proximity (1.9) and similarity (98.1) with genotype 5 sequences, confirming the results observed in the phylogenetic tree ( Table 2 ). On the other hand, isolate 25 clustered with other ten genotype 6 isolates from Brazil (states of São Paulo and Mato Grosso do Sul), Argentina, Thailand and Paraguay. The sequence alignment of BLV genotype 6, however, revealed identical sequences (Fig. 3) . The genetic distance and the percentage of similarity indicate higher proximity (0.2) and similarity (99.8) with genotype 6 sequences, as observed in the phylogenetic tree ( Table 2 ).
An analysis of the amino acid composition in which the reference sequence (FLK-BLV), the sequences from genotypes 1 to 10 and the sequences from isolates 25 and 31 were compared revealed 15 amino acid substitutions, in particular between positions 36 and 50 (n=11) (Fig. 4) . Punctual substitutions were observed in positions 4 (n=1), 11 (n=1), 26 (n=1) and 60 (n=1). Isolate 31 showed more amino acid differences (n=3) than isolate 25 (n=1). Sequences from genotypes 1, 7 and 8 had no substitutions in amino acid composition compared to the FLK-BLV sequence (Fig. 4) .
DISCUSSION
In an attempt to better characterize the BLV present in Brazil, two isolates from BLV-infected cattle were sequenced and analysed. The nucleotide sequencing of the two isolates (25 and 31) confirmed the circulation of BLV in herds from the state of São Paulo, Brazil, as revealed by other researchers [13, 15, 16] .
Sequences from Brazil, Russia, Japan, Australia, Mongolia, Thailand, Ukraine, Maldova, Bolivia, Argentina and Paraguay were used in this research. The sequences clustered in G1, G2, G3, G4, G5, G6, G7, G8, G9 and G10 as described by other studies [6, 7, 11, 17] . BLV has 10 wellknown genotypes distributed worldwide [12, 17] . In Brazil, only genotypes 1, 2, 5, 6 and 7 have been detected in herds [13, 18] . In the present research, isolate 25 clustered with the other ten genotype 6 Brazilian isolates. In addition, this isolate had 100 % nucleotide identity with an isolate from the state of São Paulo that was described by D'Angelino et al. [13] , and the alignment showed no differences between these ten isolates and the BLV genome sequences of isolates from different geographical regions, indicating that the sequences seem to be relatively stable. Nevertheless, the isolate 31 sequence clustered with the other two genotype 5 isolates, including a Brazilian (state of Minas Gerais) and a Costa Rican isolate. This genotype was also detected in the state of São Paulo by D'Angelino et al. [13] and the alignment revealed no differences among them. 
Conclusion
The detected genotypes 5 and 6 corroborate the results from previous studies conducted in the state of São Paulo, Brazil. Bovine leukaemia virus still seems to be important in Brazil, and research on it should continue.
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